Purpose: We evaluated quality-of-life changes (QoL) in 907 patients treated with either radical prostatectomy (open or laparoscopic), real-time planned conformal brachytherapy, or high-dose intensitymodulated radiotherapy (IMRT) on a prospective IRB-approved longitudinal study. Methods: Validated questionnaires given pretreatment (baseline) and at 3, 6, 9, 12, 15, 18, 24, 36, and 48 months addressed urinary function, urinary bother, bowel function, bowel bother, sexual function, and sexual bother. Results: At 48 months, surgery had significantly higher urinary incontinence than others (both P < .001), but fewer urinary irritation/obstruction symptoms (all P < .001). Very low levels of bowel dysfunction were observed and only small subsets in each group showed rectal bleeding. Brachytherapy and IMRT showed better sexual function than surgery accounting for baseline function and other factors (delta 14.29 of 100, 95% CI, 8.57-20.01; and delta 10.5, 95% CI, 3.78-17.88). Sexual bother was similar. Fouryear outcomes showed persistent urinary incontinence for surgery with more obstructive urinary symptoms for radiotherapy. Using modern radiotherapy delivery, bowel function deterioration is less-often observed. Sexual function was strongly affected in all groups yet significantly less for radiotherapy. Conclusions: Treatment selection should include patient preferences and balance predicted disease-free survival over a projected time vs potential impairment of QoL important for the patient.
For patients with clinically localized prostate cancer, selecting the optimal treatment involves many considerations. There is retrospective evidence of difference in disease-free survival outcomes between treatments [1, 2] and changes in quality of life (QOL). Several longitudinal, prospective QOL assessments have shown differences between treatments for urinary incontinence, urinary bother, and bowel-related issues [3] [4] [5] [6] [7] [8] [9] [10] [11] . QOL symptoms improve or deteriorate with time; in most of these studies, the differences become less apparent with further time post-therapy. Understanding these temporal changes could provide valuable information to the clinician and patient that ultimately should play a large part in treatment selection.
We conducted a prospective longitudinal QOL study using a validated QOL tool. Patients from a single institution treated with state-of-the-art interventions of surgery, brachytherapy, or intensity-modulated radiotherapy (IMRT) were followed for 4 years. Several similar studies in prostate cancer have had various limitations, including smaller sample sizes, limited number of QOL assessments, cross-sectional study design, or comparing surgery to radiotherapy using less conformal radiotherapy techniques. With the advent of enhanced treatment-delivery approaches, such as enhanced surgical techniques or IMRT and real-time adaptive brachytherapy, less toxicity has been observed. The current study is unique in that it includes a large cohort of patients treated at a single institution with uniform state-of-the-art modern surgical and radiotherapy techniques who were evaluated at multiple times over an extended period.
Material and methods
We enrolled 907 patients with clinically localized prostate can Abbreviations: ADT, androgen-deprivation therapy; CI, confidence interval; EBRT, external beam; IIEF-6, International Index of Erectile Function; IMRT, intensity-modulated radiotherapy; PSA, prostate-specific antigen; QoL, quality of life; RP, radical prostatectomy; SD, standard deviation.
institutional review board-approved longitudinal QOL study who were treated with radical prostatectomy (RP), brachytherapy, or IMRT. Patients were included if they were diagnosed with localized, previously untreated prostate cancer, were able to read English, and agreed to complete the QOL assessments during followup. Patients were excluded if they were diagnosed with other cancers within the past 3 years (other than non-melanoma skin cancer), received prior chemotherapy or hormonal therapy within the past 3 years, or had received prior radiotherapy to the pelvis or pelvic surgery. Eligible patients including patients from regional network sites were approached by consenting professionals and invited to enroll.
Enrollment was open for surgery patients from November 2002 to May 2005. During this time, 1126 patients meeting eligibility criteria were treated with surgery, out of which 477 agreed to participate. Enrollment was open for radiation patients from November 2002 to May 2009, and of the 2001 radiation patients meeting eligibility criteria, 430 agreed to participate. Characteristics of non-enrolled and enrolled surgery and radiotherapy cohorts showed slightly higher percentage of Gleason 6 cancers in the surgery and radiotherapy cohorts, slightly lower baseline prostatespecific antigen in the enrolled radiotherapy cohort, and slightly more clinical T1 patients in the surgery cohorts (data not shown).
Cohort
Enrolled patients were given questionnaires before treatment (baseline) and at 3, 6, 9, 12, 15, 18, 24, 36, and 48 months after treatment. Of the 907 patients enrolled, 2 were missing the baseline questionnaire, 362 were missing the 48-month questionnaire, and 9 were missing both. These patients were omitted from analysis, leaving an evaluable cohort of 534 patients, of whom 210 were surgery, 171 were brachytherapy, and 153 were IMRT patients. Thirty radiotherapy patients had received neoadjuvant androgen-deprivation therapy (ADT).
Treatment
Surgery patients were treated with RP using either an open (n = 134; 64%) or a laparoscopic approach (n = 76; 36%). For brachytherapy patients, conformal intraoperative planning was used to constrain dose to normal tissues, including urethra and rectum, and optimize accurate targeting of the prescription dose to the prostate. In general, permanent interstitial I-125 implantation was used. For monotherapy, the prescription dose was 144 Gy; for intermediate-and higher-risk disease, the dose was 110 Gy followed 2 months later by 45-50.4 Gy of supplemental IMRT. External beam radiotherapy (EBRT) patients received IMRT to 81-86 Gy directed to the prostate and seminal vesicles with a 1-cm margin, or a 6-mm margin at the prostate-rectum interface. In general, during this time, elective lymph node irradiation was not routinely employed, and patients did not undergo pretreatment fiducial marker placement for image-guidance for daily fractions.
Survey instrument
The questionnaire used in this study has been previously validated [12] and addresses six different domains: urinary function, urinary bother, bowel function, bowel bother, sexual function, and sexual bother. For each domain and subdomain, scores were summed and scaled to a percentage such that higher scores were consistent with better outcomes. If fewer than half the questions in a particular domain or subdomain were answered, the participant was considered to have missing scores for that domain or subdomain.
Primary endpoint
For each of these domains and subdomains, the 48-month scores of surgery patients were compared with those of IMRT and brachytherapy patients. A separate analysis included brachytherapy and IMRT patients who received ADT. A patient undergoing both brachytherapy and ADT, or IMRT and ADT, is therefore represented in two analyses. Patients who answered fewer than half the questions in a particular domain or subdomain were not included in the analysis. Differences between groups were estimated using multivariable linear regression. For all domains and subdomains, analysis was adjusted for baseline score and age at treatment. Additionally, for the domains of urinary function, urinary bother, bowel function, and bowel bother, and the associated subdomains, comparisons were adjusted for clinical T stage (T1 vs T2 vs T3), biopsy Gleason grade (66 vs 7 vs P8), and pretreatment prostate-specific antigen value. For the domains of sexual function, sexual bother, and the associated subdomains, comparisons were adjusted for categorized number of comorbidities (0 vs 1 vs 2 vs P3). Comorbidities included in this count were coronary artery disease, peripheral vascular disease, stroke, diabetes, hypertension, hypercholesterolemia, obesity, and smoking. Because sexual function is strongly binary, potency was defined as P22 (range 1-30) on the abbreviated International Index of Erectile Function (IIEF-6). Multivariable logistic regression models were adjusted for baseline IIEF-6 score, age at treatment, and categorized number of comorbidities.
Longitudinal analysis
We were also interested in evaluating the impact of treatment on QOL throughout follow-up. Thus, the analysis was repeated using a longitudinal measure of QOL as the outcome and a comparison of the groups 48 months after treatment. The longitudinal QOL, which can be thought of as an average function during follow-up, was estimated by calculating the area under the curve from 3-month to 48-month scores using the trapezoid rule. Patients missing a 3-month survey were dropped from the longitudinal analysis.
Analysis by baseline function
Because differences between treatment groups may be suppressed by the inclusion of patients who had poor performance at baseline, we repeated the urinary analyses comparing only patients who were continent at baseline according to the urinary section of the QOL Survey with P17 of 21 points. We also repeated the sexual analyses comparing only those patients who were potent at baseline according to the IIEF-6 with P22 of 30 points.
Results

Patient characteristics
Patient characteristics are shown in Table 1 . Surgery patients were significantly younger than brachytherapy, IMRT, or radiotherapy plus ADT patients (median age, 60 years vs 67, 70, and 70 years, respectively; all P < .001) and had fewer comorbidities than brachytherapy patients (39% with P2 vs 60%, P = .001). Despite some significant differences between cohorts, pretreatment prostate-specific antigen and clinical stage were generally similar. Baseline and 48-month scores for each domain and subdomain for each of the treatment groups are shown in Table 2 . These mean scores were calculated from patients who provided answers to both the baseline and the 48-month questionnaire for each specific domain or subdomain. Most function and bother domain scores at 48 months were lower than baseline. The mean, unadjusted scores in each domain from baseline to 48 months are shown in Table 2 for patients in each treatment group (see Fig. 1 for mean adjusted scores across the treatment groups and Fig. 2 for mean adjusted scores comparing prostatectomy with patients treated with ADT and radiotherapy).
Functional outcomes at 4 years
Results of the 48-month analysis are shown in Table 3 . There was no significant difference between groups for overall urinary function or bother, but surgery was associated with greater incontinence but less urinary irritation and obstruction than the other groups.
As shown in Table 2 , there were very low levels of bowel dysfunction overall and only a small subset of patients in each group showed problems in the subdomain of rectal bleeding. Most patients had good to excellent scores in this subdomain, with 95% of surgery, 91% of brachytherapy, 88% of IMRT, and 93% of ADT patients scoring >80 points before adjustment. Table 3 shows that the only statistically significant difference between groups for bowel-related domains is that IMRT and ADT had slightly worse rectal bleeding than surgery.
All patient groups had low mean sexual function scores at 48 months (Table 2) , though means of 40-50 mask wide variation. At 48 months after treatment, 22% and 25% of surgery patients had unadjusted scores <20 and >80, respectively, as did 22% and 29% of brachytherapy patients, 38% and 21% of IMRT patients, and 46% and 11% of ADT patients. Although groups had similar scores at the 48-month follow-up, brachytherapy and IMRT patients had significantly better sexual function after adjusting for baseline scores. In the simplest terms, this can be thought of as indicating a greater decrease in scores for surgery. Similar results were found for sexual bother. Differences between surgery and radiotherapy patients receiving hormonal therapy were similar in magnitude but were Patients undergoing radiotherapy plus hormonal therapy are thus represented in both columns. Abbreviations: IMRT = intensity-modulated radiotherapy, SD = standard deviation. a Mean scores in each domain and subdomain, standard deviations given in parentheses for patients who provided scores at baseline and at 48 months after treatment. b The androgen-deprivation group includes radiotherapy patients (external beam or brachytherapy) who also received adjuvant or neoadjuvant hormones of any duration.
Patients undergoing radiotherapy plus hormonal therapy are thus represented in both columns.
not statistically significant except in the subdomain of erectile function (P = .035). These results are consistent with the binary outcome (yes/no) of potency at 48 months using the IIEF-6. Brachytherapy patients, IMRT patients, and radiotherapy patients who received ADT were all more likely to be potent at 48 months than surgery patients (P = .001, P < .001, and P = .015, respectively). According to these analyses, a patient 58 years old at time of treatment with 0 comorbidities and potent at baseline with an IIEF of 28 points has a 4-year potency probability of 47% if treated with surgery, 70% if treated with brachytherapy, and 76% if treated with IMRT.
Functional outcomes during follow-up
Longitudinal analysis results are shown in Table 4 . Findings for urinary scores followed an overall pattern similar to the 48-month endpoint, with similar bother and overall scores reflecting higher incontinence with surgery and more irritative symptoms with radiotherapy. One exception was that IMRT patients experienced more bother but significantly better urinary function scores throughout follow-up assessments compared with surgery patients, suggesting that reduced dose exposure to normal tissue may influence long-term QOL outcomes. For bowel scores, IMRT patients had slightly worse scores for rectal bleeding compared with surgery patients and slightly worse scores in diarrhea and frequency. Accordingly, IMRT patients had significantly worse bowel bother scores than surgery patients, though effect sizes are small. Similar results were found on longitudinal analysis comparing brachytherapy and ADT patients to surgery patients, though results were only statistically significant for the brachytherapy comparison in diarrhea/frequency and bowel bother.
The results of the longitudinal analysis of sexual QOL scores were similar to those for the 48-month analysis. Brachytherapy and EBRT patients experienced significantly better sexual function and less sexual bother than surgery patients. Similar differences were again found comparing surgery patients to ADT patients but were not significant.
Discussion
Our prospective longitudinal assessment of long-term QOL in prostate cancer patients is unique in that patients were treated with state-of-the-art therapies including laparoscopic prostatectomy, dose-escalated IMRT, and real-time intra-operative brachytherapy techniques by experienced surgeons and radiation oncologists at a major cancer center. The findings are similar to prior community-based studies regarding temporal QOL changes after prostate cancer treatment [3] [4] [5] [6] 9, 11] . This suggests that even if the absolute level of dysfunction varies between community and specialist centers, the relative difference between treatments is comparable.
One of our key findings is that, although urinary incontinence improves after the expected high dysfunction rates shortly after Abbreviations: CI = confidence interval, IMRT = intensity-modulated radiotherapy. a Difference between means (delta) for scores at 48 months in each domain and subdomain for the treatments specified, with 95% confidence intervals in parentheses.
Radical prostatectomy (open or laparoscopic) is the reference group in all comparisons. A positive score means better function in radiotherapy compared with surgery. b The androgen-deprivation group includes radiotherapy patients (external beam or brachytherapy) who also received adjuvant or neoadjuvant hormones of any duration.
Patients undergoing radiotherapy plus hormonal therapy are thus represented in both columns. Abbreviations: CI = confidence interval, IMRT = intensity-modulated radiotherapy. a Between means (delta) for area under the curve from 3 to 48 months in each domain and subdomain for the treatments specified, with 95% confidence intervals in parentheses. Radical prostatectomy (open or laparoscopic) is the reference group in all comparisons. A positive score means better function in radiotherapy compared to surgery. b The androgen-deprivation group includes radiotherapy patients (external beam or brachytherapy) who also received adjuvant or neoadjuvant hormones of any duration.
surgery, urinary incontinence scores remained significantly worse than IMRT or brachytherapy even at a 4-year follow-up. In contrast, urinary irritative or obstructive symptoms were more prevalent especially for brachytherapy and IMRT at 4 years after treatment compared with surgery. In general, these different types of urinary dysfunction lead to similar overall rates of urinary function and bother. Although statistically significant, differences in function and bother on the longitudinal analysis, with better scores in IMRT compared to surgery, were small. Within all groups, there was a significant decrement in sexual function compared with baseline, which seems to be the area of QOL most affected by any of the interventions. However, radiation-treated and in particular brachytherapy-treated patients experienced significantly less decline in sexual function at 4 years compared with surgery. Similar findings were reported by Ferrer et al. [7] using the Expanded Prostate Cancer Index Composite, a longitudinal evaluation of 704 patients over 5 years. The greatest deterioration of sexual function was with surgery (delta À19.1; 95% CI, À25.1, +13.1), with moderate decrement of function after EBRT (delta À7.5; 95% CI, À12.5, +2Á5); and the least change was with brachytherapy (delta À2.1; 95% CI, À5.5, +1.3). At 5 years after treatment, 84% of the surgery patients, 81% of EBRT patients, and 52% of brachytherapy patients stated that erections were not firm enough for penetration. Penile-rehabilitation strategies such as daily sildenafil citrate may show promise for these patients, as our recent experience has suggested [13] .
A decrement in bowel function was seen in the radiation patients and in particular among the EBRT patients. This manifested as proctitis and intermittent rectal bleeding. Diarrhea, loose stools, or bowel pain, however, were not major QOL issues across interventions. In a QOL longitudinal assessment out to 52 months after treatment, investigators from the Medical Center of Rotterdam noted that, among 314 surgery or EBRT (median dose, 74 Gy) patients, 2% of the RP cohort experienced loose or liquid stools compared with 8% for EBRT [8] . In that report, overall bowel function and bother scores for the RP and EBRT cohorts at 52 months after treatment were 89 ± 13, 95 ± 14 and 84 ± 19, 81 ± 29, respectively. Similar decrement of bowel function related to urgency, frequency, and fecal incontinence for EBRT and brachytherapy compared with surgery was observed by Sanda et al. [4] ; however, these findings have not consistently been observed by others [11, 14] . In addition, in the Sanda et al. report, assessments were made up until 24 months after treatment, so the time course of the symptoms is unclear.
Our apparent lower rates of bowel dysfunction may be related to IMRT and tighter treatment margins, as well as further improvement of brachytherapy techniques, which have evolved since the prior reports. We have previously reported significant reductions in proctitis symptoms including rectal bleeding with IMRT. With reduced volume of rectum exposed to the high dose of irradiation, a substantial decrement in rectal bleeding was observed, from 15% to 2% at 10 years after therapy [15] . Our data continued to show low rates of proctitis with IMRT at 15 years out from treatment compared with conventional 3-dimensional treatment planning or two-dimensional planned therapy. These data represent proof of the principal that enhancements in radiotherapy delivery have importantly affected patient QOL. Also, we recently observed that with the use of image-guided brachytherapy or EBRT, reduced dose levels can be achieved at the bladder neck region, which appear to be associated with long-term urinary irritative or obstructive symptoms [16] . This should likely lead to further improvements in urinary QOL outcomes for treated patients in the future.
Published QOL analyses have limitations, including that the outcomes represent a conglomeration of assessments from large patient cohorts with various comorbidities, ages, psychological preferences, and preconceived notions as to how to best address their disease, as well as varying perceptions of bothersome typical side effects. Some patients may be terribly bothered by nocturia twice nightly, while some may consider it a minor annoyance. At our institution we employ a clinical tool that captures real-time QOL assessments at each routine follow-up visit and allows the physician and healthcare team to address in real time the individual patient's specific concerns with interventions and symptomdirected strategies; the efficacy of these interventions can be tracked to determine if symptoms are being appropriately addressed. Such real-time QOL assessments may be the most effective way of using QOL information for the patient's benefit, which could help physicians address their concerns and symptoms.
In conclusion, our findings evaluating longitudinal QOL changes after prostate cancer therapies over a 4-year period experienced greater sexual dysfunction than other cohorts. Urinary symptoms are similarly prevalent, with greater long-term incontinence after RP and more urinary bother symptoms for radiotherapy. Fewer bowel problems were experienced with radiotherapy compared with prior reports, likely due to the use of more targeted radiotherapy techniques. Our findings suggest that the decision to choose a particular treatment intervention can be informed by the importance the patient places on sexual dysfunction vs the various forms of urinary problems that could be experienced. Also, with the current use of IMRT and targeted therapies, bowel-related issues should represent less of a QOL issue.
Ultimately, treatment selection would best incorporate a balance between the predicted disease-free survival outcomes over a projected period vs potential impairment of various aspects of QOL considered important for the individual patient. Physicians should discuss with patients the potential advantage of nonsurgical interventions that may be associated with less sexual dysfunction compared with surgery, and that with the use of more sophisticated radiotherapy delivery systems such as IMRT, QOL declines for rectal function are no longer as prevalent compared with what has been previously reported. Clearly, the physician must be able to incorporate the patient's personal preferences in selecting treatment, rather than imposing their personal biases, which has been previously shown to weigh heavily on treatment selection [17] .
